While there are many studies of the distribution of coronary heart disease risk factors In children, adolescents, and middle-aged adults, little Information is available on this topic in young adults. The Coronary Artery Risk Development In Young Adults Study (CARDIA) examined 4858 men and women who fasted 10 or more hours, were ages 18 to 30, and were representative of black and white residents of four U.S. communities. Compared with white men, black men had higher age-adjusted mean levels of high density llpoprotein cholesterol (HDL-C) (6.7 mg/dl, p<0.001) and apollpoprotein A-l (apo A-l) (9.1 mg/dl, p< 0.001) and lower concentrations of triglycerldes (-19.7 mg/dl, p<0.001) and apollpoprotein B (apo B) (-3.3 mg/dl, p<0.001). Compared with white women, black women displayed higher concentrations of low density llpoprotein cholesterol (LDL-C) (5.7 mg/dl, p<0.001), apo A-l (2.6 mg/dl, p=0.001), and apo B (3.0 mg/dl, p<0.001), but lower triglycerldes (-5.8 mg/dl, p=0.001). Gender differences were more pronounced among whites: white men displayed lower mean levels of HDL-C and apo A-l (-9. This work was supported by National Heart, Lung, and Blood Institute contracts NO1-HC-48047, NO1-HC-48048, NO1-HC-48049, and NO1-HC-48050.
T he atherosclerotic process has its origins early in childhood, 1 ' 2 with gender differences becoming apparent during puberty. 34 Although numerous epidemiological studies have described the distribution of coronary risk factors in childhood, 56 adolescence, 78 and adulthood, 910 few studies have examined these factors in biracial, young adult populations. Autopsy data 1112 indicate that atherosclerotic plaques are present at an early age. Results from the Bogalusa Heart Study 13 show that lipid and lipoproteins measured during childhood correlate with the presence of fibrous plaques in the coronary arteries of young adults. Young adulthood may offer a favorable time during which interventions may be efficacious at reducing subsequent coronary disease risk. The distribution of the major classes of lipoprotein lipids and apolipoproteins in young adults, however, has not been well characterized. The Coronary Artery Risk Development in Young Adults (CARDIA) Study is a multicenter, epidemiologic investigation of coronary risk factors in a biracial sample of adults ages 18 to 30 years who were recruited to represent a broad range of socioeconomic backgrounds as indexed by educational achievement. This paper presents the distribution of the major classes of lipoproteins and apolipoproteins by age, race, and gender.
Methods
The methodology utilized in the CARDIA study has been previously described.
14 Four field sites were selected to identify and recruit 1100 to 1500 participants each. These sites were: 1) the University of Alabama at Birmingham, Birmingham, Alabama; 2) Northwestern University, Chicago, Illinois; 3) the University of Minnesota, Minneapolis, Minnesota; and 4) Kaiser Permanente Medical Care Program, Oakland, California. A data coordinating center was established at the University of Alabama at Birmingham.
Recruitment of the study participants was stratified on age (18 to 24 and 25 to 30 years), race (black and white), gender, and attained education level (12 years or less, and more than 12 years). Subjects were recruited by telephone in three of the communities and by telephone and doorto-door contact in the fourth. A total of 5116 subjects were successfully recruited and examined between March 1985 and June 1986. The overall response rate to the examination ranged from 51 % to 82%. Compared with nonparticipants, the respondents were slightly more likely to be male, white, and highly educated.
14 Only participants who reported fasting 10 or more hours were included in this report (n=4858). Two subjects reported receiving medication for hyperlipidemia but they were not excluded.
Blood was drawn from a vein in the antecubital fossa into a Vacutainer coated with ethylenediaminetetraacetic acid (EDTA). This was spun. The serum was separated and frozen at -70° C until it was shipped on dry ice to the Northwest LJpid Research Center in Seattle, Washington for the lipoprotein and apolipoprotein determinations. Total cholesterol was measured enzymatically 16 on the ABA 200 Bichromatic instrument (Abbott Laboratories, North Chicago, IL), and high density lipoprotein cholesterol (HDL-C) was determined by the method of Warnick etal. 18 Triglyceride concentration was also enzymatically quantitated, and low density lipoprotein cholesterol (LDL-C) was calculated with the Friedewald formula. 17 Apolipoproteins (apo) A-l and B were measured by radioimmunoassay.
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Quality control was monitored internally with the use of sera prepared by the Northwest LJpid Research Clinic and externally through the use of blind duplicate specimens. The intraassay technical error was calculated as:
where d is the difference between measurements of the duplicate samples and n is the number of paired specimens. The technical error was 3.3% for total cholesterol, 3.9% for HDL-C, 8.4% for triglycerides, 7.0% for apo A-l, and 8.6% for apo B.
Statistical methods used in this report include simple linear regression and analysis of covariance models using the Statistical Analysis System. 20 Although the triglyceride distribution was skewed, log transformation (natural log) of triglycerides yielded results similar to the untransformed data presented here. Mean values of lipoprotein and apolipoprotein concentrations in each gender-race subgroup were age-adjusted by the direct method 21 to the age distribution of the entire CARDIA population. For informational purposes, the ratio of LDL-C to HDL-C and the ratio of apo A-l to apo B are included in the Appendix. Tables 1 to 3 present selected percentiles as well as the means and standard deviations for the lipoproteins and apoproteins by race, gender, and age group. Figures 1 to 6 illustrate the relationships with age in greater detail.
Results

Comparisons by Age Group
Among both white and black men, an increase in total cholesterol, LDL-C, triglycerides, and apo B was seen with increasing age (p<0.001 for each). There was a small, but significant, increase in apo A-l with age in white men (p=0.01) although HDL-C did not change significantly with age. apoA-l levels from a mean of 133.4 mg/dl in the youngest subjects to 140.2 mg/dl among those ages 27 to 30 (p<0.01). In black women, total cholesterol, triglycerides, and apo A-l and B concentrations increased significantly with age (p=0.01 for each), while no significant association between age and either HDL-C or LDL-C was noted.
Within-Race between-Gender Comparisons
Comparing age-adjusted mean concentrations of total cholesterol and LDL-C in white women with those in white men (Table 4) revealed that LDL-C levels were about 5 mg/dl higher in men (p<0.001), but there was no significant difference in total cholesterol. On the average, concentrations of HDL-C were about 9 mg/dl lower in white men than white women (p<0.001), paralleled by a gender difference of 7.3 mg/dl in apo A-l (p<0.001). Mean concentrations of triglycerides were 20.3 mg/dl higher in white men, while apo B levels were 5.3 mg/dl higher in men (p<0.001 for each). Black women had marginally higher concentrations of both total cholesterol (3.1 mg/dl, p=0.01) and LDL-C (2.6 mg/dl, p=0.04) compared with black men. Black women also displayed higher mean concentrations of HDL-C (1.9 mg/dl) and lower triglycerides (6.4 mg/dl) than black men (p<0.001 for each). In contrast to white participants, among black subjects no significant gender differences in apoproteins were noted.
Within-Gender between-Race Comparisons
Among men, black subjects displayed mean levels of HDL-C and apo A-l 6.7 and 9.1 mg/dl higher than whites (p<0.001). Triglyceride concentrations were substantially higher (19.7 mg/dl) among white men (p<0.001). Ageadjusted mean levels of apo B averaged 3.3 mg/dl lower in black men than in white men (p<0.001). Among women, white participants had lower total cholesterol (-3.8 mg/dl), LDL-C (-5.7 mg/dl), and apo B (-3.0 mg/dl) concentrations but higher triglyceride levels (5.8 mg/dl) than black women (p<0.001 for each). Although there was no difference in HDL-C levels, apo A-l concentrations were 2.6 mg/dl higher in black women (p<0.01).
Relationships with Education
The relationship between attained educational level and adjusted mean levels of each lipoprotein and apolipoprotein is examined in Table 5 . Among white men, attained educational level was inversely related to concentrations of triglycerides (p<0.001). Among white women, LDL-C, triglycerides, and apo B concentrations were also inversely associated with attained educational level (p=0.001 for each). The mean concentration of apo A-l was 7.1 mg/dl higher, and HDL-C was 5.5 mg/dl higher in the most educated women compared with the least well educated. Triglyceride concentrations declined significantly with increasing amounts of education among black women (p<0.001). HDL-C levels showed a slight increase from the least well educated to those who completed college. Black women who continued past college displayed marginally lower HDL-C values. The overall trend was significantly positive, however, perhaps due to the small number of subjects in the highest education category.
Discussion
The results presented here indicate substantial variation in the distributions of Iipoprotein lipids and apolipoproteins by gender, race, and level of attained education. Although it is well established that lifestyle and health behaviors such as cigarette smoking, alcohol intake, obesity, and oral contraceptive use can affect Iipoprotein and apoprotein levels, 2223 it is not the purpose of this report to attempt to statistically explain the gender and race differences. This will be addressed in subsequent reports. The availability of these normative data, however, should be useful to the physician contemplating measuring lipoproteins in young adults, especially in view of the recent guidelines issued by the National Cholesterol Education Program, 24 which recognize the potential benefits of early identification of the coronary candidate.
The extent to which our findings can be generalized to other settings is reasonably strong; the recruitment approach was population-based, 14 and the relatively large sample size and the use of a central, standardized laboratory yields precise and accurate estimates of these coronary risk factors. Previous analyses 14 have indicated that CARDIA participants weighed less and were less likely to smoke (among whites) compared with participants in the Second Health and Nutrition Examination Survey. Relative to CARDIA nonparticipants, study subjects were older, better educated, and more likely to be white and male. Thus, similar to other community-based studies, health-conscious persons tended to participate more readily than others. While such factors may affect the representativeness of our study population, much of our data are in good agreement with national norms. Comparison of the Iipoprotein values found in the CARDIA study with those obtained in the Lipid Research Clinics Population Studies 25 indicates nearly identical mean concentrations of total cholesterol and LDL-C among similarly aged subjects in both racial groups. Triglyceride concentrations were about 15 to 20 mg/dl lower in white CARDIA men and 10 to 20 mg/dl lower in white CARDIA women than in their LRC counterparts. Mean concentrations of HDL-C were comparable among white subjects in both surveys but were not measured in black LRC participants. HDL-C concentrations in black CARDIA participants were The data were adjusted by the direct method to the age distribution of the entire population.
Values are mg/dl. *p<0.01, tp<0.001, within-race, between-gender comparison. *p<0.01, §p<0.001; within-gender, between-race comparison.
CARDIA=Coronary Arrtery Risk Development in Young Adults, LDL-C=low density iipoprotein cholesterol, HDL-C=high density lipoprotein cholesterol, TG=triglyceride, Apo=apolipoprotein. similar to those reported in black college freshmen 26 as well as in older black adults.
2728 ' 29 There are few extant studies concerning race-specific, population-based distributions of apolipoproteins in young adults. The Beaver County Study 30 found somewhat lower mean levels of apo A-l and apo B in white 20-to 25-year old men and women than those reported here. Similar to our findings, however, women in that study displayed higher apo A-l levels and lower apo B concentrations than men. This pattern has been confirmed in a number of studies in middle-aged adults.
193132 ' 33 Tyroler et al. 34 quantitated apo A-l concentrations in a biracial sample of 52-to 55-year-old adults in Evans County, Georgia, and found a significant race difference only among men (12.1 mg/dl higher among black men). Similar to our finding, apo A-l was higher in white women than in white men. This study is the first to report racial contrasts of apo B levels in young adults. Black men displayed significantly lower apo B levels than white men, while the pattern was reversed among women. These observations suggest that the lipoprotein composition, as well as the concentration, vary by race and gender.
The gender differences in lipoproteins within each race are consistent with those in studies of older adults. 35 -3637 Among whites, LDL-C has consistently been reported to be lower in women than men, while concentrations of HDL-C are usually 6 to 10 mg/dl higher in women. Thus, mean concentrations of total cholesterol are often similar. Triglyceride levels are also lower in white women than men, although it has been observed that users of oral contraceptives tend to have concentrations of total cholesterol, LDL-C, and triglycerides similar to men. 38 Black men and women have a much less pronounced gender difference in HDL-C (2 mg/dl) and triglyceride levels (6.4 mg/dl) than whites but little difference in apo A-l or apo B concentrations. The Evans County Study 34 reported a 6 mg/dl difference in HDL-C among older black adults (higher in women) and a 4 mg/dl difference in triglyceride concentration (higher in men). Recently, Adams et al. 28 showed that among a college freshmen population, black women not using oral contraceptives had HDL-C concentrations 3.6 mg/dl higher than black men, while Ford and coworkers 29 demonstrated a 4 mg/dl gender difference in an older, urban black population. The role of attained educational level in relation to gender and race differences in the distribution of lipoprcteins and apolipoproteins is difficult to isolate, in part because race and gender are, to some extent, determinants of educational opportunities and social status. Nevertheless, attained educational achievement has been a useful predictor in some studies of both total mortality 39 and coronary mortality. 40 Educational achievement has not been consistently demonstrated to have predictive capabilities independent of other established coronary risk factors. 41 An important finding in this report concerns the favorable risk factor profile observed in white women with increased education. This finding has been noted in other studies 38 and may represent a clustering of a number of healthful habits among the more educated women, although statistical adjustment for several lifestyle behaviors failed to eliminate this association.
The development and maintenance of healthy habits and behaviors is the cornerstone of efforts aimed at reducing the morbidity and mortality due to coronary heart disease. This report has demonstrated that the distribution of coronary risk factors varies dramatically by age, race, gender, and level of education. Thus, a multitude of risk-reducing strategies may need to be employed beginning early in life to reduce the burden that future heart disease may bring.
